In the absence of a specific form for representation, architectural contradictions are often ignored or treated by intuition, trialand-error, or compromise. But, the set of methods and tools of Theory of Inventive Problem Solving (TRIZ) would formulate, represent and solve these contradictions. This paper presents a part of an empirical study aimed to explore the possibility of adapting the "Contradiction" concept of TRIZ as a conceptual strategy for the early stages of an architectural design process. To obtain this objective, the architectural program of Project of Extension of INSA de Strasbourg was built in the form of Problems Graph of IDM-TRIZ (Inventive Design Method). This modeling aims to study the possibility of using the information provided by an architectural program to state architectural problems as Contradiction, and its contribution to the understanding of the problem space. Some limitations of the IDM-TRIZ for architectural applications are reported as well, and certain possible developments for Analysis of Initial Situation phase to fit better to the architectural programming process are suggested.
Introduction
"Architecture is necessarily complex and contradictory" as R. Venturi mentioned [1] . In every aspect of an architectural project, from programming to construction, form technical equipment choice to environmental considerations, even in its aesthetic expression, the architect should deals with several contradictory elements. By analyzing several architectural masterpieces from different styles and contexts, Venturi showed how the architects apply the "phenomenon of Both-And" and the "Double-Functioning elements" to design wonderful architectural solutions for contradictory purposes. Despite such awareness in architectural practice and theory, the concept of contradiction has not been explored as a conceptual strategy.
It is widely accepted that architectural design as a specific design activity lies between art and engineering [2] . However, Goel and Pirolli [3] showed that the cognitive strategies used by designers to structure the design problem space are common to all domains of design including architecture. Thereby, exploring the possibilities of the methods currently used in other domains of design for adapting to architectural design is a promising avenue toward a multidisciplinary methodological research in architectural design [4] . In this perspective, it seems the recent developments of TRIZ constitute a pertinent alternative by offering a set of tools to build the Problem space and to systematize the use of knowledge for representing the project contradictions.
Research on the possible contributions of TRIZ in architecture has recently gained momentum [5] ; [6] ; [7] ; [8] . These studies mainly focus on the application of the classical TRIZ and its tools, particularly the Matrix of Inventive Principles. They used the theoretical corpus of TRIZ to find new solutions for a given problem. The interesting results of these studies demonstrate the applicability of TRIZ in technical dimensions of architectural projects. Such use of TRIZ fits to the purpose of classical TRIZ when it starts with a contradiction that has already been identified. However, two main questions remain for the one who pretends to apply the TRIZ in an architectural design dealing with both technical and non technical aspects of a project: a) Even an ordinary architectural project involves several problems: how can one select the problem among the countless multi-criteria problems of the project to be solved by TRIZ? b) By considering the contradiction as a common cause of any inventive problem, Altshuller [9] proposes to reformulate such problem as a contradiction. But, is it possible to represent any architectural problem in form of contradiction?
These two questions formed a multidisciplinary research conducted in the Laboratory of Engineering Design (LGéCo) of INSA of Strasbourg. This research has two objectives: First, it tries to evaluate the possibilities and limitations of using the concept of "contradiction" as a fundamental postulate of TRIZ in architectural design which deals with a non-technical domain. Second, this research tries to examine the contribution of application of dialogical-systemic TRIZ-based approaches in the early stages of architectural design, more precisely in architectural programming. In order to ensure this, the "Analysis of Initial Situation" phase of the "Innovative Design Method" (IDM-TRIZ) is applied to the architectural program of the real project of new Extension of INSA of Strasbourg. The STEPs software is used as a supporting tool of IDM-TRIZ. This paper reports the contributions of this research in two-folds. First, with respect to the architectural programming, we argue that the Problem Graph contributes to state the architectural problems by structuring a problem space which encompasses not only the formal and functional issues (usually represented by architectural sketches and diagrams), but also the issues related to time and economy. We show also how the nontechnical objectives, constraints and propositions presented in an architectural program can be interpreted and used to build the Problem Graph. Second, with regards to the IDM-TRIZ methodology, we underline the limitations we have faced in this architectural application. Also, we propose some possible developments for the Analysis of Initial Situation phase which are more suitable for an architectural programming process. The rest of the paper is organized as follows: Section 2 presents Architectural programming, Section 3 provides Problem statement in TRIZ approaches, Section 4 reports the Case study, Section 5 presents the Discussion about the contributions of this research and finally Section 6 concludes the paper.
Architectural programming
When the architecture deals with "transforming the space" [10] from an existing situation to a desired one, an architectural program describes both of them. It describes an existing situation of a project and provides some features of its future. This way, the architectural programming can be compared with the phase of Analysis of Initial Situation in engineering design. While acknowledged more and more as a crucial phase in the architectural design process affecting all succeeding phases, architectural programming is poorly exploited by architects [11] . As well, while innovation is considered as the key characteristic of recent evolution of industrial society [12] , there are limited works reporting on how an architectural program could be structured to encourage innovation. However, its potential agency in architectural design process is being increasingly taken into consideration [13] .
Earlier studies about the architectural program have been basically seeking the prescriptive methods and instructions for a useful programming process, ranging from searching and analyzing the relevant information to writing out a summary of project requirements. The Information Matrix of Pena and his procedural method for "Problem Seeking" [14] , the Question matrix of Durek and his Issue-based programming process [11] , and the Kumlin's checklist of Design Issues [15] all aim to provide a comprehensive framework for programming. Few comparisons have been made on the suitability of these programming methods [13] . However, several critiques pointed out the insufficiency of current programming methods in different levels and aspects [16] ; [17] ; [18] . To improve the architectural programming process, the recent research has been also inspired by other domains such as decision-making [19] ; project management [20] , knowledge management [17] ; [11] ; Concurrent Engineering Framework [21] ; and particularly, much attention has been drawn by Value Management Techniques [22] ; [23] [20] . Notwithstanding this considerable expansion in architectural programming research over the past ten years, the lack of tangible improvements remains elusive [18] . In this research, we focus on two needs that the studies on architectural programming have rarely addressed to: "Problem Statement" and "Setting up the problem space" in the architectural programming process.
Architectural program as Problem statement
Ideally an architectural program presents the mission, goals, values, selected and prioritized relevant needs and requirements, problem scope, solution scope, and resource constraints (delay and cost) of the project. In order to be comprehensive, the program should process theses issues in different aspects such as functional, operational, aesthetic, social, cultural, environmental, technological, economic, etc. Furthermore, the program should identify the impediments that can prevent the transformation of an initial situation to a desired one. Pena and Parshall [14] assert that programming is a heuristic process which should lead to clearly state the problems of project. This set of problems will be acquired by an architect in the early stages of design process. Nonetheless, even Pena and Parshall [14] who considered architectural programming as a "Problem Seeking" process does not propose a particular syntax to formalize a problem. This leads to an unclear, latent or discursive representation of problems. Similarly, there is no formalism or model to represent a contradiction in the literature of architectural design. Consequently, in the absence of a specific form for representation, the architectural contradictions are ignored or treated by intuition or trial-and-error.
Architectural programming as setting up the problem space
Any architectural project contains several problems. The current programming methods don't explain how to prioritize and choose the problems to solve; this task is conceded to architect's intuition, his experience and preferences. As Paul Rudolph mentioned "all problems can never be solved… architects are highly selective in determining which problems they want to solve" (quoted by [1] ). This way, the act of preferring one problem to another is considered as an asset leading to a marvelous result. And, "the ability to identify the most influential problem and its constructive elements" [24] is known as a significant factor of design expertise. In other words, in order to choose the problem to solve among several problems, the architect traditionally relies on his/her proper experience/expertise. Such individual approach relying on the creative ability of the architect/author is criticized [4] . The critics argue that the architectural design is a collective process in which different agents contribute to identify and define several problems of project. So, not only an individual's cognitive capacity is insufficient to process such quantity of information, but also a process which is built on such elitism is not democratic. As a reason, the critics underline the lack of a means to set up the Problem space in a participative manner.
Structuring the Problem space of the design project constitutes also as one of the main challenges in TRIZ development. We focus on the Problem Graph of IDM-TRIZ that was conceived to respond to the same shortages. The problem addressed in the current study is to know if this Graph can also be used in architectural programming. Since this method holds a specific definition of problem, provides a particular model to represent a problem, and presents a formal structure to build and maintain the problems space. More precisely, this study is aimed to see if the problems that are conspicuously or latently presented in an architectural program can be formulated and represented through a Problem Graph of IDM-TRIZ.
This Graph, as we will show later, has allowed us to state the problems of Project of Extension of INSA of Strasbourg, illustrate the dialectical interconnections between these problems and propositions, and consequently identify the most influential problem. Although the IDM-TRIZ proposes an axiomatic approach to structuring the Problem space and also a formal definition of the contradiction related to problems [25] , but this method aims principally the industrial domain. Our empirical study shows the need for some improvements in the IDM-TRIZ to better meet the architectural design specificities. These improvements are suggested in the section of Discussion of the present paper.
Before reporting the case study, it is worth mentioning briefly the recent development in TRIZ; this is to clarify the problem statement in a complex project.
Problem Statement in TRIZ approaches
The necessity of methods and tools for structuring the Problems space, which aims at highlighting the Core problem and identifying the elements of contradictions causing this problem, stems from the fact that the classical TRIZ is weak in managing complex problems when the conflicts are hidden, the contradictions are multiple, and the formulation of the proper technical contradiction is difficult [25] . Altshuller has also highlighted the "systematic clarification of the problem statement" as an important direction for future development of TRIZ [26, p. 278 ]. This need resulted in a set of methods and tools for both analysis of initial situation and definition of the problem. The
Step 0 of ARIZ-85C, Innovation Situation Questionnaire (ISQ) [5] and the Network of Problems (NoP) of OTSM-TRIZ [27] are the examples of methods developed for this purpose.
The IDM-TRIZ adapted and developed the concept of network proposed by OTSM-TRIZ to provide "a complete framework for knowledge acquisition, representation and manipulation" [28] for phase of Analysis of Initial Situation. By such adaptation, the IDM-TRIZ aims to follow the OTSM-TRIZ promise, e.g. to extend to multidisciplinary problematic. The Analysis of Initial Situation of IDM-TRIZ provides also a possibility to extract the inherent contradictions of a problem from its statement. A detailed methodological description of Initial Situation Analysis can be found in [28] .
A reminder of IDM-TRIZ ontology let us accurately position our contribution in terms of transforming the objectives and constraints of an architectural program to a Problem Graph. Problem, Partial Solution, and Parameters constitute three basic concepts of IDM ontology. A parameter is a feature of problem subject which is involved to make it unsatisfactory (but, the parameter identification in our project is out of the scope of this paper). Concerning the problem, according to TRIZ, it can be defined as a situation where an obstacle prevents progress, an advance, or the achievement of what has to be done. The IDM-TRIZ ontology requires the problem to be reduced to a single idea and its expression reach to a maximum decomposition in a specific level of genericity. So, a problem (PB) has the following syntax: <Subject>+<verb>+<complement> As for the Partial Solution (PS), it states a known and verified result, progress or an improvement in problem solving. The syntax for a Partial Solution complying with IDM ontology is: <Verb in its infinitive form > + <complement>
Case Study
In our study, the Problem Graph of IDM-TRIZ is applied to the architectural program of the new Extension of INSA of Strasbourg in order to transform the initial fuzzy situation of the project into a specific Problem space in which the problems are clearly stated, the Core problem is identified and its Poly-contradictions are formulated. This application allows examining the possibility of representation of the architectural problems that were identified in the phase of programming as contradiction. To acquire the needed information, three sources were used: the architectural program of Extension project of INSA of Strasbourg, our notes made during meetings with the programmer and INSA representatives, and finally the Problem Seeking method [14] . In the following, the way in which we have transformed the information provided by the architectural program of INSA project into the Problem Graph is explained.
INSA's Extension Project
To meet its development policy, the INSA of Strasbourg has defined an extension project. This new building is to be located in the occupied site of INSA, and so to have access to other existing buildings of INSA. Such mission makes the project more complex. A professional architectural programmer was thus hired to clarify the complexity of the project.
The Architectural Program of INSA Project
The architectural program, done by the programmer, matches with the typical facility program template. It sets out the missions and goals of the project, existing situation analysis (site analysis, technical diagnostic etc.), functional needs, needed spaces, and a cost /time evaluation. It also proposes the spatial locations for activities and an operation schedule. Other information presented in the INSA program, like details of space types, surface etc., belonging to a more detailed level, were not integrated in the Problem Graph.
In this program, some problems are verbally expressed, often scattered among other subjects. They are mentioned conspicuously or latently in a complex way and with complex sentences. Neither a specific formalism nor a precise syntax is used to formulate the problems in this document. There is no link between problems and/or propositions, so the mutual influences are unknown. Furthermore, the program is set in a way that the issues don't contradict each other. Consequently, no contradiction is highlighted.
Construction of Graph

Extract the problems and solutions from INSA program
The program of INSA defines the features of the initial situation of INSA and the future extension by presenting the objective, constraint, and proposition; it also suggests some operations to be taken to transform the existing features into the future ones. Regarding our objective research, we are interested in the problems arising in this transformation. In other words, these issues are used to extract the problems and proposition/solutions. With regards to the problem extraction, we interpreted the objectives and constraints and state a problem when one of the following cases is observed:
When a feature of the existing situation prevents achieving a/some objective(s); When a feature of the future state cannot be achieved by project resources (technical/ physical etc.); When the limit of budget prevents achieving a/some objective(s); When the target date of the project schedule prevents performing an operation. The sentence of « the project aims to improve the functionality of spaces » is translated to -PB01: Functional distribution of spaces is not satisfactory.
Furthermore, the programmer and the INSA representative had mentioned some problems and proposition/solutions during their meetings, but these issues have not been stated in the document of the project program. We added also these issues to the Graph. They were originally reformulated in the required syntax. Like the flowing PBs and PSs.
-PS22: Build several entries. Which is linked to: -PB53: Cost of security control for several entries is high.
In order to extract the PSs, the solution/propositions of program are considered. These propositions are produced by programmer through using some known programming concepts. A concept indicates a way either to transform an existing feature to its future state or to create a new feature. For example, the Grouping is a programmatic concept used by the programmer to propose the PS41: Group the activities of Department of Architecture in the new building. Totally, 73 PBs and 74 PSs are defined and put in the Graph. (Fig. 1)   Fig. 1 . The Problem Graph of architectural Program of the INSA project Evidently, the Graph doesn't reach the saturation and hence may enhance it by placing new PBs and PSs, if one continues to ask more information. But, we aimed to use only the information presented in the program documents of INSA project.
Link between problems
During placing the PBs and PSs, some links were identified and created in Problem Graph. To ensure that maximum identifiable kink is created, we used the Matrix of Information of Pena and Parshall [14] in which the objectives, constraints and proposition are respectively presented as goal, fact and concept, and are structured in a matrix structure.
Core Problem
The Problem Graph can highlight the influence of each problem on the entire Problem space. It also allows increasing the possibility of identifying a particular problem having a large influence on other PBs/PSs, called Core Problem (CP). Identifying the CP is the main objective of the Graph. The CP causes more reduction (shrinking) in the Graph; that is to say, if this problem is solved, the greatest number of problems will be eliminated.
The Problem Graph of the case study shows the PB06, (Increasing the number of staff and student need more space), as the most influential problem with an influence rate of 13 (a chain of 12 PBs is derived from this problem). But this PB, placing at a high level of genericity, doesn't provide a meaningful direction. After this problem, the PB07, (The people flow spreads out over the existing buildings), having a rate influence of 4, is chosen as CP. While the linked PS to this problem can give a significant direction to solve the CP; it is the "PS73: Build a distribution Hub in the center of the INSA complex".
From Problem Graph to contradictions
To formulate the contradictions of the CP, we applied the formal definition of contradiction proposed by [25] . This process is integrated in the IDM-TRIZ. We briefly identified the Parameters by considering the features of a PB that involve in making it subject unsatisfactory. Totally, 20 Parameters are identified and linked with PBs and PSs in Problem Graph of the case study. By declining the PBs to Action Parameters and PSs to Evaluation Parameters, the following contradiction is identified as the main cause of CP:
The Spatial location of the Distribution Hub is to be both central to satisfy the Shape-Geometry of space and non-central to satisfy the Existing building location. In this contradiction, the Action Parameter is the spatial location of the Distribution Hub; which can be placed at the Centre or at the Corner (opposite values) of the INSA complex, and Shape-Geometry, Surface, Volume and Entries of the existing buildings constitute the Evaluation Parameters. Figure 2 shows a part of the Polycontradiction of our case study. 
Discussion
The contributions of this research can be reported in two-fold, reported as follows: First, regarding the architectural Programming, we have shown the possibility of using the concept of contradiction of TRIZ in architectural domain. We stated the objectives, constraints and proposition of an architectural problem in form of the Problem Graph. We have shown the possibility of extracting the constructive elements of the Problem Graph (PB, PS, Parameters) from a typical architectural program having a procedural model. This way, the architectural design can take advantage of recent theoretical development in engineering inventive design. Indeed, the Graph theory has been already used in architectural design [29] ; but the originality of the Problem Graph of IDM-TRIZ comes from the fact that it combines two approaches of systemic and dialectic. As highlighted by [30] , these two approaches constitute the principles of complex thought to act on the complexity of architecture. Furthermore, considering the programming as "a process of argumentation» [31, p. 279] , the Problem Graph can help to circumvent the inability of current computer systems in the formalization of this type of reasoning in architectural programming. [32] However, we noted that using a method that has been developed for a different domain than architecture, has an important influence on our vision of project. In fact, the linear and narrative structure of a usual architectural program allows the architect to establish an approach to qualitative aspects of architecture. While the plain meaning of problem statement and the holistic vision offered by the Problem Graph restrict such approach.
Second, regarding the contribution of this architectural application of IDM-TRIZ, we can point out the following considerations.
-An architectural program presents different pictograms such as flowchart, diagram, plan etc. It is difficult to verbally represent this information in terms of PB and PS. The capacity of the Problem Graph is limited to represent the information concerning the spatial aspects representing graphically by architects -The structure of the Problem Graph doesn't allow integrating the dynamism of the problem Space.
In fact, in architectural programming, there are some propositions and solutions that extend over the time. As "mirror" initiative, in which a first building, initially unoccupied, is renovated then delivered to the functions of the second building, which is then in turn also renovated. -When there are many problems, it is not easy to verify their possible interactions. An interface can facilitate setting up the links by inquiring systematically the links of each problem. -The Problem space can be changed in terms of selected scenario to solve the problem. The IDM-TRIZ allows weighting the problems, but, it is useful to be able redefine the weight of problems for each scenario.
Conclusion and perspective
One of the main objectives of an architectural program is analyzing the problem space of the architectural project. This analysis will lead to identify the problem that presents itself as the most influential one. This empirical study shows that the method proposed by IDM-TRIZ is applicable to such an endeavor. It is possible to use the information provided by an architectural program to build a Problem Graph. The objectives and constraints presented by the architectural program are translatable in terms of PB and PS. Furthermore, these problems can be formulated as contradictions. In other words, the process is stated by identifying the Core Problem of our case study and ended by identifying the main contradiction among all of contradictions that produces this PB.
However, the next step of our research is to examine the relevance of TRIZ tools to solve this CP.
